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(54) Electrosurgical forceps 

(57) Surgical forceps which are configured having 
oppositely disposed tissue grasping surfaces at the tip 
regions of corresponding tines. An electrically insuiative 
spacer assembly Is positioned on and supported from at 
least one of the tissue grasping surfaces to space the 
tissue contacting sur^ces apart an optimized distance, 
T, when the tines are in a substantially closed orienta- 
tion. A prefen-ed. strip form of spacer assembly formed 
of an electrically insuiative material is employed and 
improved cun^ent paths are defined between the grasp- 


ing surfaces to derive an efficient and effective hemos- 
tasis substantially without sticking of tissue to the 
surfaces. The geometric configuration of the spacer 
regions functions to enhance deanability of the forceps 
and the tines of the forceps additionally are formed with 
side and nose surfaces at the tip regions having effec- 
tive side surface current delivery areas improving for- 
ceps performance when used in a coagulative painting 
modality 
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Description 

BACKGROUND OF THE INVENTION 

[00011 Surgical procedures necessarily involve the 
transection of vessels as surgeons seek to e^lore 
remove or repair tissue defined systems. Transection is 
carried out wrth a variety of cutting instruments ranging 
from a cok) scalpel to electrosurgical devices. As such 
vessels are cut, it generally is necessary to accommo- 
date bleeding by miaosurgical or similar approaches, or 
v^here smaller vessels are encountered, by a sealing 
and cor^ealing procedure. This latter procedure typi- 
cally is carried out by heating the involved tissue and flu- 
ids through the application of electrical currert at RF 
frequencies developed by an electrosurgicai generator. 
Effective sealing of smaller vessels is important to sup- 
gtoal procedures, inasmuch as even a small blood flow 
Sot only can obscure the surgeon-sfield of v.6w.butalso 

may accumulate with the risk of hematoma or signrficant 

blood loss. . , . , ^ 

100021 While a variety of electrosurgical instruments 
have been developed to achieve hemostasis, many are 
of marginal effectiveness for certain surgical tasks Par- 
ticularly those involving small vessels and small, highly 
localized tissue regions of interest. To carry out such 
somewhat delicate surgical procedures requisite to 
such regions, practitioners typically employ forc^ 
instruments of common utility which, in effect, represent 
a thin extension of the thumb and forefinger function of 
the surgeon. Forceps generally serve to provide a tissue 
or vessel grasping function, having working ends or tip 
portions which may be of diminutive dimension enaWing 
L surgeon to locate and grasp small vessels wh|ch 
have a tendency to retract into tissue following the^ 
being cut. By applying bipolar. RF current from a noted 
electrosurgical generator across the outer working end 
tips of the forceps, a sealing or congealing of tissue or 
vessels can be achieved without substantial risktoadja- 
cent tissue. In effect, the well defined tips of the bipolar 
forceps provide a more precise attainment of hemosta- 
sis 

100031 Another surgical application for bipolar forceps 
has been referred to as "coagulative pairrting where 
typically, the side surfaces of the electrically active tip 
regions of the forceps' tines are drawn over the surface 
of membranous tissue such as the mesentery. Done 
properly, this action congeals the small. m«rovessels 
wittiin such thin tissues. K«,»*«««r<» 
[00041 Electrosurgically driven forceps heretofore 
made available to surgeons, however, have exhibited 
operational drawbacks, which, in turn, have compro- 
mised their surgical effectiveness. To effectively carry 
out hemostasis. the electrically operative tips of the foP. 
ceps should efficienfly conduct a proper current flow 
through the tissue grasped. When that current is insuffi- 
cient, coagulation of the tissue or vessel is compro- 
mised. When the current is excessive, correspondingly 


excessive heating occurs with a potential for the gener- 
ation of damaging electrical arcing. Excessive heating 
also results in the phenomenon of tissue and blood 
coagulum sticking tothe surface of the instrum^rt. The 
5 results in the development of a layer of increased ^ec- 
trical impedance between ttie electrodes of the mstru- 
ment and that tissue which may subsequentiy be 
grasped tor the purpose of treatiinent. Additionally, such 
L^ng tissue evokes a dferuption oHhe coaguUrted 
,0 surface which, in itself, may compromise the intended 
hemostatic effect. Consequently, bipolar fcjrce^ 
designs have been seen to incorporate higWy polished 
elertrode surfaces for the purpose of /ediicing the 
extent of tissue sticking as well as to facilitate their 
„ Cleaning when sticking does occur. Unfortunately^when 
such modrfication of the forceps is carried out tf^^B ong^- 
nal grasping function of tiie forceps is substentally com- 
promised. 

[0005] Another problem encountered with the use of 
20 bipolar forceps of conventional design has been associ- 
ated with their use in conjunction with thin tissue. As 
such tissue is grasped between the opposed bpolar 
electrodes of the instruments, only a low tissue related 
impedance is wrtnessed by the electrosurgical genera- 
ls torassociated with the instrument, which conventionally 
reacts to decrease its output toward zero as tissue 
impedance approaches a zero value. 
[00061 Use of the bipolar forceps also becomes prob- 
lematic in conjunction with the noted "coagulative pairrt- 
30 ing- procedure where the side surfac^ of the 
instrument are drawn across the surface of membra- 
nous tissue. The electrical model involved in this proce- 
dure is one wherein current is caused to ftow from ttie 
side surface of one tine, thence across a thin layer rttis- 
35 suetotheoppositelydisposedspacedapar te^e^cany 

operant tine. This calls for maintenance of the spacing 
beNeen the two tines to avoid short circuiting the sys- 
tem and for a control over what is. in effect, a moving 
line source of heat applied to the affected tissue. Very 
40 often, a misjudgment may lead to the tearing of ti»ue in 
the procedure. Of course, it also is "ecessary forthe 
surgeon to maintain a spacing between tine electrodes 
of the instrument to achieve requisite performance. 
rooOTl Approaches to minimizing the phenomenon of 
45 issue Sliding to tiie operative tips of bipolar forceps 
have been advanced by the medical instrument indus- 
try For example, designs have propounded the use of 
forceps- legs having cross-sectional areas and whjch 
exhibit conductivity sufficiently high to maintain electn- 
50 cally operative portions for. the instrumente below 
threshold temperatures considered to evoke tissue 
sticking. Similarly, the temperature of the graspirig tps 
of the forceps has been reduced by enlarging the cross- 
sectional radii of the forceps sufficientiy to maintain cur- 
55 rent density and resultant tissue heating below the 
tiireshold temperature evoking sticking. See n this 
regard U.S. Pats. Nos. 3.685,518; 4,492.231; and 
5.196.009. However, ttie election of a large cross-sec- 
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tional area at the grasping tips d the forceps for pur- 
poses of heat conduction compromises the basically 
sought precision of the forceps type instrument with 
respect to grasping and localized coagulation of smaller 
blood vessels, e.g. vessels smaller than about 1 mm in 
diameter. 

[0008] An approach to limiting the heating of the tissue 
or vessel being coagulated with bipolar forceps has 
been to utilize a layer of a ceramic material having a 
thermal conductivity much lower than that of the metal 
used in the structure of the forceps. U.S. Pat. No. 
5.151,102 describes such an arrangement wherein a 
plurality of silver filled epoxy electrodes are embedded 
within the ceramic coatings. However, Joulean heating 
with bipolar systems occurs within the tissue which, for 
such arrangements, has no effective pathway through 
which to dissipate, resulting in an enhancement of the 
sticking problem which now occurs at the ceramic layer. 
[0009] To regain the originally desired grasping fea- 
ture of forceps, the utilization of a roughened or tooth- 
like surface in conjunction with the electrically operative 
ends of the forceps has been proposed as represented 
in U.S. Pats. Nos. 5,330,471 and 5,391,166. By dispos- 
ing a layer of insulation on the teeth of one or both of the 
grasping surfaces, electrical current only passes along 
the sides of the electrode surfaces which are outwardly 
disposed from the grasping surfaces. Thus, the utility of 
the forceps is compromised to the extent that only 
thicker tissues can be grasped and coagulated effi- 
ciently In general, serrated or multi-pyramidalty config- 
ured grasping surfaces prove difficult to clean during 
surgery due to the recesses and grooves which tend to 
trap tissue debris and coagulum. 
[0010] U.S. Pat. No. 5.403,312 describes a combina- 
tion of an electrosurgical forceps form of instrument 
which additionally carries out a stapling function. 
Intended for the grasping of thicker tissue components, 
the device described employs operative forceps tips 
with mutually offset or staggered electrode regions suit- 
able for more extended thickness' of tissue as opposed 
to thin tissue. By mounting the electrode regions within 
a plastic support member, an othenA^ise desired feature 
for heat removal is compromised permitting the elec- 
trodes to reach temperatures during tissue coagulation 
that can exceed sticking threshold temperatures with 
the noted undesirable cleaning requirements. 
[001 1 ] Some investigators have proposed the utiliza- 
tion of temperature sensors such as thermocouples 
which are incorporated within the bipolar forceps instru- 
ments. Propounded in U.S. Pats. Nos. 5,443,463; 
4,938.761 ; and 5,540.684, the approach requires that a 
special control system be provided which precludes the 
utilization of the ubiquitous conventional electrosurgical 
generator currently available in operating theaters 
throughout the world. Further, the othenrt/ise simple con- 
struction of the forceps must be abandoned to a less 
desirable, highly complex instrumentation with such an 
approach. 


BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention is addressed to 
improved surgical forceps and the methods by which 

5 they may be used with the bipolar outputs of electosur- 
gical generators of conventional design and which 
achieve a highly efficient hemostasis of grasped tissue 
or vessels. This result is realized through the develop- 
ment of current paths exhibiting desirable cun'ent densi- 

10 ties and more ideal current path configurations. These 
forceps employ electrically insulative spacer regions or 
assemblies in conjunction with the mutually inwardly 
facing electrically conductive tissue grasping surfaces 
of the two movable tines of the instruments. The spacer 

15 arrangement serves to space the tissue grasping sur- 
faces apart an optimum distance, T, when substantially 
in a closed orientation. Configurations for this spacer 
assembly achieve the ideal current path lengths devel- 
oping hemostasis without the presence of recurrent 

20 sticking phenomenon. This avoidance of sticking is 
achieved while the grasping feature of the forceps is not 
compromised and an ability to clean them effectively 
and efficiently is achieved. 

[001 3] These spacer regions or assemblies of the 

25 present invention then provide for an importantly 
improved grasping of tissue even though the exposed 
metal portions of the grasping surfeces are made to 
have smooth surfaces in order to minimize sticking to 
tissue or coagulum and to facilitate their cleaning when 

30 tissue debris or coagulum does accumulate. 

[0014] In a preferred embodiment for the forceps, the 
two tines thereof are formed having inwardly disposed 
and highly polished electrically conductive tissue grasp- 
ing surfaces. Located upon one of these surfaces, for 

35 example, is an array of very thin electrically insulative 
regularly sjsaced discrete strips of electrically insulative 
material such as alumina. These strips are quite dimin- 
utive and barely tactilely discernible, and achieve the 
noted spacing distance, T, having a minimum value of 

40 about 0.005 inch. A variety of configurations for the 
spacer regions or assemblies are disclosed providing 
for the achievement of the noted operational Improve- 
ments. 

[001 5] Preferably the forceps of the invention are fab- 
45 ricated such that each tine incorporates a thermally 
conductive material such as copper in an amount suffi- 
cient to maintain the temperature at the tip region during 
typical use below about 60''C to 85°C. This temperature 
regime for the forceps is predicated upon a conventional 
50 duty cycle of use and is achieved with practicality 
through the use of laminar composites of thermally con- 
ductive copper and mechanically stronger, particularly, 
higher modulus stainless steel. The electrically insula- 
tive spacers are fashioned, for example, of aluminum, 
55 which readily is deposited upon one or both of the 
inwardly facing stainless steel surfaces. Biocompatibility 
of the entire forceps assemblage is maintained through 
an electro-deposited biocompatible metal coating such 
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S'eTr^^sectionaUie. 01 forceps ot the 
C7tasectionalv-.e«taKenthroughthep.ane7- 

'pirs tapSrtSl sectional view of one e«*odimerrt 
Fig. 8 IS a P^™* . according to the 

of forceps and method oi men i» 
invention with portions exaggerated to reveal struc 

J;;9isasedionalviewtaKenthK)ughtheplane9. 
?JlSisaf.an view ofatip region ofatineof the 

^'^^IsTpalii Seconal view of the forceps 

n Fin 8 S afull Closure orientation; 
^^^2 is a pa'S sectional view of a preferred 
I'^iirientofthe invention wrthpor^onsexagger- 

J'ftliTsffSaS.o^ 

S Jfc:iing a'^^arninarcon^te structure dt.^^ 

BgTaTsT^ectiona. view taKen through the ptene 
13-13 in Fig. 12; 


rig14isapten>«ewoftheforc^°"^'9- ^2 with- 
out exaggerated dimension; 
P.,. ,5 . a plan view of^.^^^^^^^ 

the tip region shown in FigJS ^ tine of 

invention; . 3 ^jne of 

^srtxrf«ienlofFi9.K, ^^^^^^^^ 

Fig. 25 IS a partial secwnai „erated to 

iment of the invention with portions exagg 

Sn 26A is a partial sectional view of the embcrij- 
^■i^F?a 2^*owing an alternate arrangement 

fa^ J^e and method of utilizaton of forceps 
according to the invention; ^ 

^vxnfli MisM Of forceps according to 

ing to the invention being usedin ano 

Ss'lcJadSTto the invention for supportng a 
geometric analysis thereof; ana 
Ss^iirdi::?;tral^s:^n.a^^ 
^at^analysiswrthrespecttoF.g.31. 

DETAIIED DESCRIPTION OF THE INVENTION 


45 


SO 


55 


4 


7 


EP 0 986 990 A1 


8 


generators are common in essentially all operating 
theaters and generate radio frequency voltage or power 
typically in respor^e to the depression of a foot pedal on 
the part of the surgeon. Referring to Fig. 1 . such a gen- 
erator is represented generally at 10. Device 10 pro- 
vides a bipolar, as opposed to monopolar, output at 
receptacles 12 and 14. The applied voltage level or 
power level at receptacles or outputs 12 and 14 may be 
selected by the user by adjustment of a control knob as 
at 16. Activation of the power outputs at receptacles 12 
and 14 is provided by a foot pedal switch 18 which is 
connected to generator 10 via a cable 20. Outputs 12 
and 14 are coupled to the respective plugs 22 and 24 of 
a bipolar cable 26, the opposite end of which terminates 
in two receptacles 28 and 30. Receptacles 28 and 30 
are electrically connected with corresponding connector 
posts (not shown) which are recessed within a connec- 
tor housing 32 of a bipolar forceps represented gener- 
ally at 34. Forceps 34 are formed of two, somewhat 
resilient thermally and electrically conductive tines or 
support members 36 and 38 which are mounted within 
the connector housing 32 and extend longitudinally out- 
wardly therefrom in a mutually angularly oriented fash- 
ion to respective tip regions 40 and 42. Inwardly 
disposed in mutual facing relationship at the tip regions 
40 and 42 are electrically conductive flat tissue grasping 
surfaces represented, respectively, at 44 and 46. These 
surfaces 44 and 46 are coated with an electrically insu- 
lative material such as alumina, which, in turn, for the 
present embodiment is gang ground to produce a 
sequence of stripes or parallel bands of alternating 
electrically conductive metal and electrically insulatlve 
material. The stripes for surfaces 44 and 46 are mutu- 
ally aligned such that when the tines 38 and 36 are 
squeezed to a closed or tissue grasping orientation, the 
electrically conductive stripes or bands at surfaces 44 
and 46 move toward a mutual contact while the electri- 
cally conductive surfaces adjacent to them are mutually 
aligned such that a directly confronting current path 
through tissue may be developed between them. To pro- 
vide for bipolar performance, the surfaces of tines 36 
and 38 located rean^/ardly of the tip regions 40 and 42 
are coated with an electrically insulative material such 
as a nylon. In general, forceps as at 34 are constructed 
to be sterilizable by autoclaving or the like. Tines 36 and 
38 may be mounted within the connector housing 32 
using an epoxy potting agent within the interior of a 
plastic shell. Other mounting techniques will occur to 
those who are art-skilled. 

[0021] Looking to Figs. 2 and 3, an approach to the 
design of bipolar surgical forceps in the past is revealed 
with the purpose of analysis. In the figure, forceps 52 
are fashioned having two electrically conductive tines 
54 and 56, the reanvardly disposed portions of which 
are coated with an electrically insulative polymeric 
material as shown, respectively, at 58 and 60. The elec- 
trically operant tip regions of tines 54 and 56 are shown, 
respectively at 62 and 64. Tip regions 62 and 64 are 


configured having flat bare metal and polished, tissue 
grasping surfaces shown, respectively, at 66 and 68, 
and the cross-sections of the tip regions are somewhat 
semi-circular in configuration. Surfaces 66 and 68 are 

5 shown grasping tissue 70. Because of the smooth, all 
metal contact surfaces 66 and 68, upon actuation of the 
electrosurgical system by, for example, closing a switch 
such as at foot pedal 18 (Fig. 1), a radio frequency volt- 
age difference is applied across the tip regions 62 and 

10 64, and electrical current is caused to flow, for the most 
part, through the portion of tissue 70 in contact with the 
surfaces 66 and 68. This heats such tissue or blood ves- 
sel 70 sufficiently to carry out its thermocoagulation. 
While the provision of smooth grasping surfaces 66 and 

;5 68 functions advantageously to minimize the sticking of 
tissue or blood coagulum to such surfaces, their 
smoothness defeats the basic function of forceps which 
is to grasp tissue and hold it. Often, the tissue or t>lood 
vessel grasped at 70 slips out of the engagement before 

20 coagulation can be carried out. While the current pass- 
ing through tissue 70 directly confronts it and passes 
therethrough to carry out Joulean heating as repre- 
sented by dashed current flux, lines 72, the larger con- 
tact area has been observed to promote higher current 

25 levels which, in turn, lead to higher heating rates which 
promotes the sticking of tissue or coagulum to the 
grasping surfaces 66 and 68. Often, when the tip 
regions 62 and 64 are opened to release the thus-coag- 
ulated tissue or vessels, sticking causes an avulsion of 

30 the sealing layer of a coagulum to somewhat defeat the 
procedure. In addition, even a very thin layer of desic- 
cated tissue residue or bjood coagulum will introduce a 
large electrical resistance at the interface between the 
tip regions 62 and 64 and any subsequent tissue or 

35 blood vessel which is grasped. This detracts from the 
operational capability of the instrument and calls for 
cleaning or changing instruments during the surgical 
procedure. Where a very thin layer of tissue is grasped 
or a very small vessel is grasped between the tip 

40 regions 62 and 64, a reduced load impedance is wit- 
nessed by the associated electrosurgical generator as 
at 10. It is the characteristic of such generators that as 
such load impedance reduces and approaches zero, 
the output voltage of the generator will decrease and 

45 approach zero volts to the extent that no voltage differ- 
ence will be applied across the tip regions 62 and 64. It 
follows that no current for carrying out Joulean heating 
will flow through the grasped tissue or blood vessel and 
no coagulation can be achieved. 

50 [0022] Particularly where miniature forceps are uti- 
lized, the bare tissue grasping surfaces 66 and 68 may 
be driven into mutual contact to cause a short circuit. 
This is illustrated in connection with Fig. 4 where a 
smaller or more diminutive tissue component 74 is seen 

55 being grasped between the grasping surfaces 66 and 
68, however, those surfaces are in contact with each 
other in. the vicinity of location 76 to cause a short 
circuiting. Of. course, arcing is a possibility as the sur- 
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circuiting. ^^^-o nf bitxjlar forceps s 

which approaches opt'mau^ ubiquitous electro- 

the operational charade^f ^^^^^^^^ ..^ny 3,, 
surgical generators whj^h are p^nt ^^^^ ^ 

operating '^«^^^:f,J^^S*,e world, they, tor the .0 
generators are extant <hrcw9™m ^ characteris- 
Lst part, have a - jej^^^^at^^^^^^^^ .bating toad 
tic. Refernng to Fig. 5. "^"^"^ ^ conwention- 
i^edancetopo^errep^en^- *^ '^^^^^^^ 
3„y encoujered eie^^^S^'J^^^^^^^ ,5 
revealed at 80 and 82. Cun^ i-oedances and, as in 
Shapes at reiative.yjj.er ^,^^^^^^^ 
the case of most J^'^^chieved in the neigh- 

Ket.amaximum power o^p^.SiJ,pedance ^^^^es 
borhood of ^^-^^.^^.f evidenced by the curves. 20 
beyond P^J-^f ^^.^jfand will tall of. with a 
the normalized P°*'®' '^^.i-.-c ^fth each individ- 
characteristic '^^'Sp^.^^ ■^-"^''^ 
ual generator. Thus J '^^^ent coagulation is 
excessively.powefe«so«a^^ ^^^^^ 
the result. Similarly, as the loaa inv available 
to the point of « - ^Hccur with load 
also. Efficient coagulation is founa i 
fnpedances somewhere .n ^^^^^^^^^^ ^^,.,^e 
Ohms, and the goa^^th^ -JJ^;^^^ 30 

ing a sticking P^^^nomena^ ^ « 

100241 Withtheabovecha^act«.^^^^ 
also should be observed 7. ..-forceps will per- 35 
Lueengaginggra^g-9^-^^^^^^^^ ,3 

form in co"i""^°" *^^^ed as follows: 
simplest form, may be expressed as TO 


(1) 


.here.isthetota,areatJ..g^^^^^^^ 

' ^^'^nat^rS^wS may.lare outfrom 
confronts including ^ion of the forceps 

theedgeofanelectr^ede^in jg^rt ^^^^^p^^^^^ ^ 

tissue contacting surface. ^^T^I^b^^^^'^ 
taken by the current, and p is the characi 

ity of the tissue engaged^ phenomena of sticking is not 

100251 ■^^"^'fTf'LSwrderiveredfK)^ 
necessarilyaresunofi^etma^P^er ^^^^^^ ^ 

forceps to the tssuebutisafunrt" ^^^^ 

sity or power per ^-^^j^^^S te controlled at the 
surfaces. Thus/rf the pa««^^^^^ 
operational surfaces otthej^^ um«^. ^^.^^ 

minimized by an arrangement ^ere j^^ ^ 

s^rrre^^B^^^^^ 

r^rrb:rr£e..r carrying out 


ooagulationa^se^ing^o.^^^^^^^^ 
tt,e least amount dwe« l«ne and 

no, to advense^f f J?,ese ^^^^ are in the 
being coagulated or seaieo 
ir^terest of both the patient and mesug 

100261 ''^e^S^^'^SteSXto evoke sticking 
thepoorgjBspingaspJ^te^e^^;^^^^ 

occasioned with bare s"^^ ° ^ .pg surfaces 
to the expedient 0' <^f^S, '^^^^^^ng £ Figs. 6 and 
of the tip regions of »he forceps^ 
7. such an arrangement IS dj^eri n. ^ 

Fig. 6, ^^-^-^S^^X Sec^ve tip regions 90 
having tines 86 » ^ ,asp,ng 

surfaces 94 and ^^^-^^^^.-^n^ insulative mate- 
«ith a continuous coating ^lew ^ Continuous 

coatings 98 and 100 may oe w j^q^. 
ceramic and thus incaporateafr^^^^ 

ing the tissue grasp^gjrtrty^;j^i„ the drawings 
regard, a component of t'ssue s 

atV. B9. 7 reveals^ ^^'^famic?^^^^^^^^ current flow 
grasping surfaces w* a ceram'C ' 

regions 90 and f ^^^^^ and 1 06. While the 
ment is in Fig. 7 atdasnea iine ^^^^.g^, 

arrangement ^^""J^^S ^^^^^ °* 
heating with a grasping surfaces, 

sticking of tissue ^oagulum ^ t 9 ^^^^ 
if the tissue or wood ve^el 02 has a^^^^^^^^ 

then IMe or no electrical wonted -ja^^^^^^ 
t^regionedgesv^thti^e^^^^^^^^^^ of requisrte 

Such low currentflw low^s t ,«.gu,ation. 

^ssue- ,Q depiction of an initial 

[00271 Referring to ^j^^J^ invention is por- 

embodiment of forceps a«»^"fl*°^,e ^ facilitate the 
trayed witi. some f'^SJ^^J^Ltr^Tepresented gener- 
description thereof. Theforce^are p 
a,,y at110andincj.detwo^^.ne^1^^ 
electrically co|^u;^'ve af^^^^^^^ ^ ,,6 

regions 116 fi^^^/^'.'Tu a!e coated, respectively, 
and 118. thetines1l2and 114a ^ 

,ith an S'^tsSSs^aS^^^^ 
tively. at 117 and 119. Coaiing^ 

are formed of ^^^'"^'^ZiTT^ o^ 4°° 
formed of a metal, for ««rjte. a^O 0 ^^^^ 

stainless steel, nickel. »""9^^„.SSit the tines 112 
such metals. ^P^^fl^J^^rco^ite which com- 
and 114 are formed of a 'am'nar comp 
:inesathermal.yco«.ud.vem^^^^^^^ ^3 
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{e.g., forceps closure force arxl forceps tine deflection 
during grasping). In general, the stainless steel Is 
inwardly facing to establish the base for tissue grasping 
surfaces. Inasmuch as certain of the thermally conduc- 
tive materials such as copper are not biocompatible, the 
composites preferably are covered with an electro- 
deposited layer of a conrpatible material such as chro- 
mium. In addition, the inwardly facing stainless steel 
member (on embodiments with ceramic strips on only 
one side) assures that any wear of the biocompatible 
coating by the repeated contact with the ceramic strips 
will only expose an underlying layer of biocdnpatible 
metal (viz, stainless steel). Tip regions 116 and 1 18 are 
configured having inwardly disposed substantially flat 
tissue grasping surfaces shown, respectively, at 120 
and 122. Surfaces 120 and 122 preferably are made as 
smooth as practical in order to avoid a sticking phenom- 
ena as much as possible. In this regard, the surfaces at 
120 and 122 should meet a surface finish specification 
of less than 32 miaoinch finish or better, and preferably 
about 16 microinch or smoother. These highly polished 
surfaces become available at the grasping location of 
the forceps 110 because of the utilization of electrically 
insulative spaced apart spacer regions which are 
mounted, for the present embodiment, upon both of the 
grasping surfaces 120 and 122. The spacer regions are 
implemented as thin strips of alumina. In this regard, an 
array of such strips as at 124a-124f are provided at 
grasping surface 120 while a corresponding array as at 
126a-126f are provided at grasping surface 120. The 
strips 124a-124f are shown having a thickness T1 uni- 
formly along the array and they are evenly spaced apart 
longitudinally along a grasping length Lq. Note that this 
is a portion of the grasping surface 120, the entire longi- 
tudinal extent of which is represented at L^. For the 
present embodiment, spacer regions also are mounted 
or formed upon grasping surfece 122. In this regard, the 
regions are implemented as strips 126a-126f which are 
dimensioned and located in correspondence with the 
array of strips 124a-124f. The array of strips 126a-126f 
are shown to have a thickness T2. Note that the initial 
strips 124a and 126a at the respective ends or distal 
ends of tip regions 1 1 6 and 1 1 8 are located at the outer 
peripheral extents thereof. This provides an initial 
"snagging" geometry at the very tip of the forceps, a 
location most beneficial to achieving the requisite grasp- 
ing function required by the surgeon. In this regard, 
should only one strip or region be employed with the for- 
ceps, it preferably is located at the position of strips 
124a or 126a. 

[0028] Figs. 8 and 9 depict the forceps 1 1 0 as grasp- 
ing a component of tissue or vessel as at 132. This is to 
depict one aspect of the selection of the thickness* T1 
and T2 as well as the relative positioning of the strip 
arrays 124a-124f and 126a-126f. Note that the individ- 
ual strips of these arrays both extend across the periph- 
ery of the grasping surfaces and virtually tp the 
longitudinal extent of their respective tines; they are in 


substantially parallel relationship, and are aligned for 
movement into mutual contact when in a closed orienta- 
tion, at least with respect to the forward strips 124a and 
126a. The thickness' T1 and T2. inter alia, are selected 

5 such that the tissue or vessel media is extruded into the 
recesses between the strips 124a-124f and 126a-126f 
to assure electrical contact with the smooth grasping 
surfaces as at 120 and 122 located intermediate the 
strips. This develops a current flux flow path as repre- 

w sented, for example, at dashed lines 134 which extends 
directly across the surfaces 120 and 122, minimizing 
the path length, L. and enhancing the most efficient 
hemostasis geometry for the instrument. It may be 
observed that the flux path of current in the fonwardmost 

15 nose portion of the forceps 110 will flow from one exte- 
rior surface to the other in cases where the tissue has 
extruded outwardly about the nose surface. Importantly, 
such extrusion of the tissue or vessel media into the 
recesses between the strips serves to achieve a secure 

20 gasping thereof during its surgical manipulation and 
throughout the coagulation process. 
[0029] Fig. 9 reveals that the cross-sections of the tip 
regions 116 and 1 18 are generally rectangular in config- 
uration as opposed to being generally circular. In this 

25 regard, the side peripheries of tip region 1 16 are shown 
at 136 and 138, and the corresponding and aligned side 
peripheries of tip region 118 are shown, respectively, at 
140 and 142. 

[0030] Fig. 10 is a view looking into the working, 

30 grasping surface 120 of tip region 1 16 at tine 112. The 
figure reveals that the strips 124a-124f are arranged in 
mutually parallel relationship and extend between the 
peripheries 136 and 138. The figure further reveals that 
the array of insulated strips 124a-124f extends longitu- 

35 dinally along an axis 144 a grasping region length Lq 
and that the electrically operant surface 120 extends 
longitudinally along a length L^. The width of the individ- 
ual strips is shown as W1 and the spacing of the strips 
defining the interstitial electrical contact surfaces is rep- 

40 resented at W2. These spacings W1 and W2 are 
selected to achieve the most efficient electrode contact 
geometry for, in turn, achieving the most efficient 
hemostasis with respect to tissue or vessels grasped as 
described in connection with Fig. 8 above. Fig. 10 also 

45 makes evident that the utilization of parallel strips 
across the peripheral extent of the tip region 116 facili- 
tates the cleaning thereof to remove any coagulation or 
tissue resulting from sticking. Selection of the thickness' 
T1 and T2 (Fig. 8) as the minimum achieving requisite 

50 grasping and efficient electrical contact also substan- 
tially facilitates cleaning procedures. 
[0031] Now looking to Fig. 1 1 . tip regions 1 16 and 118 
of forceps 110 are reproduced with strips or insulated 
regions 124a and 126a having been moved into mutual 

55 contacting relationship without the presence of tissue 
interposed therebetween. It has been found to be bene- 
ficial to slightly bow the tines as at 1 12 and 114 toward 
each other from a location reanwardly positioned from 
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iAci have shown that tnere are 

instant ^-^^J^^";- 'oX't J^i t^^^ 
to about 0.010 incn^ ^^j,^^ gp3^,ngs 
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value for the length. Lq. preteraray is a 

polar forceps. ^ ,;° be in the range 0I 

between adjacent strips. ' e.^ne 

tive layer by exposure »° h^*; '^^^^^ ^^^^ 

thography P'«^„^^- °' ^^^^^^ " 
members using brwing. solderi g^ 

rste^ara^s^^^^^ 

;S;V.*wedbvsubsec,uejgangg^^^^ 

embodiment tor the jP /^9 °^ m the figure, a 
according to the .™e-*on^^^^^^ por- 


^ »«c 1S0 include two tines 152 and 154 which 

?fS'.,S«6 F™Kl»eaem 

file 170 of tip region 156 to ^^J^'Tough 168f are 

SSa^r^^^M^'- 
a grasping suHace 'en Jhj^^^^^^^ 

cussed in J^ ^6^-S as^^^^^ ^« 

.ise ^rr^^^^^^ei,. at W1 and W2 in 
spacing IS as desaibed re^ ^^.^ ^^^^ 

connection with Fig. lO- "P«' jheinsulative 
established that this arrangement. ujl«^ng«^.n8u^ 

regions at only o"-' r.S"aS?sma« 

for^e ^^2TSZ^ c^^-^o- -pabiWies 0. 

rrl'lV^ibeen seen to be improved asa 
the instrument 150 nave we involved. In 

ng surface 162. c^urrem i.u i' rii-tribution of cur- 
dashed lines 174 sh«Ming ^ b^^^^;^ f Jp^^^s of this 
rent. As seen addit-c^^^f^Q J^, «ux p^ 
embodiment also are ^raated at U^^^os ^.^^ 

ment 150 where tissue f^Jll^'^as^^^^ 
t^enoseprofileofforc^s^^^^^ 

ingoutdcunertfK^^tJs^An-r^^^ 

this embodiment *^e^ ^^^^ or 

strips need only be aw«"ea manufacturing 
surfaces either 160 or ^^f^^;""" no requirement 
costs are reduced inasmuch as there 'f' 

described above. This «^^anc ^^^^ 
inasmuch as a requirement fo' P^^^'^^^^ gy^inated 
insulative strips at t«o graspins su^^ ^^at 
duringfinal assembly. « ^^^J=^'Z^^^^ as 
thethickne^^^hesuj^^^^^^ between 
the value, T to achff tj ^^^^g, 
surfaces 160 and 162 de"^'"9 » „ot exceeding 
the grasped tissue which « ^l^on 1626 while 
the value achieving ^fl^^^^^^^^^cLd here- 
avoiding arcing. Values of T have been oesa o 

inabcve. 


8 


15 


EP0 986 990A1 


16 


[0034] Referring additionally to Fig. 12A. construc- 
tional aspects of the preferred embodiment for forceps 
150 are revealed. In the figure, each of the tines 152 
and 154 is formed as a laminar conposite extending the 
entire tine length and, importantly within the tip region 
shown, respectively, at 156 and 158. This composite is 
formed of a highly thermally conductive material such 
as copper as represented at 181 in the case of tine 152 
and at 182 in the case of tine 154. On the internal sur- 
face of the tines there is joined to the copper both elec- 
trically and thermally a stainless steel layer as at 183 in 
bond with copper component 181 and as at 184 in ther- 
mal intellectual bond with copper component 182. 
These copper and stainless steel components may be 
metallurgically bonded by conventional roll bonding or 
roll laminating procedures. In general, the amount or 
mass of copper utilized is selected as being sufficient to 
provide a thermal conduction of heat generated during 
hemostasis such that the temperature of the tip regions 
156 and 158 will stay below about 60''C to 85''C. This 
temperature maintenance also contributes to the avoid- 
ance of sticking phenomena. The small insulative 
regions present as the parallel strips 168a-168f are 
deposited upon the stainless steel which represents a 
thickness of 10% to 50% of tiie total thickness at the tip 
region. To complete the arrangement, the laminar com- 
posites are coated with a bioconpatible metal coating 
which, fortuitously, may be applied after the placement 
of the insulative strips 168a-168f. With the arrangement, 
heat otherwise developed at the tip region 156 and 158 
is conveyed down the tines of the instrument 150 and 
typically will be dissipated into the sun^ounding air and 
automatically the thinly gloved hand of the surgeon. 
Typically, the temperature rise in the proximal portion of 
the forceps of the present invention will not exceed 
about lO'^C. While copper is the metal of choice for the 
thermally conductive components 181 and 182, other 
thermally conductive materials will occur to those skilled 
in the art, for example, silver, aluminum, tungsten, or 
nickel. In general, for small forceps, for example having 
a width of about 1 mm at their tip, the laminar compos- 
ites may be provided having a layer of 304 stainless 
steel of thickness of about 1 1 mils and a corresponding 
layer of copper having about at 52 mils thickness. For 
larger forceps, the laminar composites may be provided 
having a layer of 304 stainless steel of thickness about 
15 mils and a corresponding layer of copper having 
about 75 to 85 mil thickness. The biocompatible coating 
may be provided, for example, as an electro-deposited 
chromium coating, for example Identified as Medcoat 
2000 marketed by Electrolyzing Corporation of Ohio. 
Cleveland, Ohio 44112. This biocompatible coating is 
described as meeting or exceeding (JSP Class VI certi- 
fication. 

[0035] Refemng to Fig. 14, a view of forceps 150 is 
shown without the earlier-utilized exaggerations of 
dimension or the like as employed for descriptive pur- 
poses. In the figure, the tines 152 and 154 are seen to 


extend from a connector housing 176 serving the func- 
tion of that shown at 32 in connection with Fig. 1 . These 
tines 152 and 154 are coated, respectively, with nylon 
coatings 164 and 166 which extend to the commence- 

5 ment of tip regions 156 and 158. The bare but smooth 
grasping surface 162 is identified as well as the corre- 
sponding surlace at 160 with an associated array 168a- 
168f of insulative regions present as parallel strips. 
Because of the very small thickness of the strips 168a- 

10 168f, they are slightly, tactilely discernible but visually 
discernible inasmuch as there is a visual contrast 
between the electrically insulative coating such as alu- 
mina and the interstices of polished stainless steel. It 
should be noted that the surfaces of strips 168a-168f 

15 also provide a frictional aid to the engagement of tissue, 
including vessels, it being understood tiiat the term tis- 
sue" includes both anatomical components. It further 
may be observed that the tines 152 and 154 are both 
bent mutually inwardly from bend points shown, respec- 

20 tively, at 178 and 180. These points 178 and 180 are 
located a distance. Lg. rean^fardly from the nose profiles 
of the tip regions 156 and 158. The bends or bowing, 
which preferably is identical for each side are shown to 
be at an angle e with respect to the longitudinal extent of 

25 tines 152 and 154. Preferably, this angle 8 will be in the 
range of about 1** to 10"" and the bend points 178 and 
1 80 will be at distance. Lq, in a range of about 1 .0 to 3.0 
inch for standard forceps sizes. For microbipolar for- 
ceps, tiie length, Lq, will be in the range of about 0.5 to 

30 1 -5 inch. As is apparent from the figure, as the forceps 
tines 152 and 154 are pushed togetiier. tiie outer insu- 
lative strip 168a will eventually come into contact witii 
the tip surface portion of grasping surface 162. Then, as 
further pressure is applied to the tines 1 52 and 1 54, the 

35 strips as at 168b-168f will substantially sequentially 
come into contact with the surface 162. The phenom- 
ena discussed in connection with Fig. 4 is avoided with 
this arrangement, particularly, in the case of microbipo- 
lar forceps and a desirable point grasping at the nose 

40 profile of the forceps 150 is made available to the sur- 
geon. 

[0036] Looking to Fig. 1 5, grasping surface 186 of a tip 
region 188 of a tine 190 for bipolar surgical forceps is 
revealed. The tine 190 is coated with an electrically 

45 insulative coating 192 formed, for example, of nylon, 
and the tine is seen aligned along a longitudinal axis 
194. For this embodiment, one or more of tiie electri- 
cally insulative spaced apart spacer regions are formed, 
for instance, as an array of parallel strips 196a-196c 

so which are generally aligned with the axis 194 and 
extend outwardly to tiie periphery 198 of the nose por- 
tion of the tine 190. For this embodiment, a substantially 
electrically operant metallic surface is presented to tis- 
sue to be grasped and the frictional surface of the strips 

55 196a-196c functions to enhance the necessary grasp- 
ing function. In general, the strips 196a will have a thick- 
ness equivalent to the above-discussed value T and 
may be produced using a physical mask or thick film 
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printing(e.,.g.ass) to deposit the .ectricallyinsulative 
material in the requisite areas. 

seen combined with the tip ^69'°"^" ^^j, ^ ^ssue s 
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view of Fig. 19- embodiment 
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implemented utilizing but a single tooth forwardly dis- 
posed at the tip periphery of the tip regions. This singu* 
lar tooth arrangement provides the earlier-noted 
"snagging" performance. Looking to Fig. 22» the singu- 
lar tooth embodiment is represented by a forceps 5 
depicted generally at 280. In the figure, the forceps 280 
are shown having two tines 282 and 284 which extend 
to tip regions as shown, respectively, at 286 and 288. 
. These tip regions further extend to an outer periphery or 
tip periphery shown, respectively, at 290 and 292. The 10 
tissue grasping surfaces for the tines 282 and 284 are 
represented, respectively, at 294 and 296, and the rear- 
wardly disposed portion of the forceps 280 are seen 
covered with an ipsulative coating such as nylon as rep- 
resented at 298 and 300 for respective tines 282 and 15 
284. 

[0042] The tip periphery 290 is seen to be configured 
having an inwardly depending tooth 302 having a tooth 
length which extends to an engaging surface 304. 
Correspondingly, the tip periphery 292 is formed having 20 
a recess represented generally at 306. Looking addi- 
tionally to Fig. 23. the recess 306 is seen to extend to a 
bottom surface 308 and to have a somewhat inwardly 
slantkl side surface 310 providing a profile correspond- 
ing with that of the tooth 302. The bottom surface 308 of 25 
the recess .306 and. optionally, the slanting sidewall 
310, are coated with en electrically insulative spacer 
layer or assembly 312. As seen in Fig. 24. the thickness 
of layer 312 senses to space the tissue grasping sur- 
faces 294 and 296 apart a distance. X in keeping with 30 
the precepts of the invention provkjing for optimal cur- 
rent flow through grasped tissue, in the latter regard, 
such tissue is represented in Fig. 22 at 314, while dotted 
lines 316 represent current paths through such tissue 
extending from surface 294 to surface 296. 3S 
[0043} The fbnward "snagging" tooth geometry also 
can be implemented in conjunction with the preferred 
forceps structuring discussed in conjunction with Figs. 
12. Looking to Fig, 25, such an arrangement is pre- 
sented in conjunction with forceps represented gener- 40 
ally at 320. Forceps 320 are shown having two tines 322 
and 324 which extend to tip regions shown, respectively, 
at 326 and 328. These regions 326 and 328 are seen to 
respectively extend to outer or tip peripheries 330 and 
332. Nylon coatings as at 334 and 336 provide electrical 4S 
insulation to the respective tines 322 and 324. Forceps 
320 are designed to achieve tiie requisite electrode 
spacing. T, as well as the desirable direct path or tissue 
confronting type patii for current flux as desaibed here- 
inabove. In this regard, oppositely disposed tissue so 
grasping surfaces are provided as seen at 338 and 340. 
One of those surfaces, herein shown as surface 340, 
can'ies an electrically insulative spacer assembly 
formed as transversely disposed stripes 342a-342f. 
These stripes 342a-342f are provided having a thick- ss 
ness. T to achieve requisite spacing. Note that tine 330 
is configured having a tooth of tooth length I-, with an 
engaging surface 346. Correspondingly, a recess 348 is 


formed into tiie tip periphery 332 and is configured hav- 
ing a bottom surface 350 and slanting side surface 352 
to provide a geometry corresponding witfi that of the 
tooth 330, Thus, as seen in Fig. 26. with the movement 
of the tines 332 and 324 towards each other in a closing 
maneuver, the bottom surface 350 of recess 348 will be 
spaced from tiie engaging surface 346 of tooth 344 the 
noted distance, T Fig. 25 shows an engagement of 
thicker tissue 354 with current flow paths shown in dot- 
ted fashion at 356. Note that an ideal current path con- 
figuration is achieved including at the tooth and recess 
configuration. Fig. 26 shows closure substantially to the 
spacing, T, over a thinner representation of tissue at 
358. Looking to Fig. 26A, a variation of the embodiment 
of Fig. 26 is presented wherein the side surface 352 of 
recess 348 is coated with the spacing insulative mate- 
rial such as alumina. This, in effect, expands the width 
of stripe 342a. 

[0044] Referring to Fig. 27. another modality of use of 
forceps according to the invention is pictorially repre- 
sented. In the figure, forceps 380. as configured accord- 
ing to the invention, are shown being oriented such that 
tiie side surfaces of the tip regions 382 and 384 of 
respective tines 386 and 388 are being retained tangen- 
tiaily with respect to the surface of membranous tissue 
such as thin mesentery tissue represented in general at 
390. Tissue 390 incorporates a network of small blood, 
vessels such as seen at 392. The tissue grasping sur- 
faces of tip regions 382 and 384 are retained in optimal 
spaced apart orientation by the earlier-described 
spacer regions (not shown) to achieve an optimal power 
or current density for creating a swath or path repre- 
sented at 394 wherein tissue and blood vessels are effi- 
cientiy coagulated. Forceps 380 also can be used to 
create a much smaller path of coagulation through the 
utilization of tiie blunt tips 396 and 398 of respective tip 
regions 382 and 384. Witii this "coagulative painting" 
modality, relatively larger areas can be efficiently coag- 
ulated prior to incision or blunt dissection using other 
surgical instruments. 

[0045] These features further are depicted in connec- 
tion with Fig. 28. Looking to that figure, the tip regions 
382 and 384 again are represented along with a some- 
what exaggerated rendition of the electrically insulative 
spacer region as at 400. As noted above, the cross-sec- 
tion of forceps according to the invention is somewhat 
rectangular with relatively broad side surfeces. In this 
regard, note that side surfaces 402 and 404 of respec- 
tive tip regions 382 and 384 provide for an enlarged 
contact area of electrically conductive material with the 
surface of tissue 390. Recalling the discourse above in 
connection with Fig. 5 and equation (1), by enhancing 
tiie area of side surfaces 402 and 404, an improved cur- 
rent and power density is achieved. This area of current 
ftow confrontation resides in the denominator of the 
equation-based determination of load resistance. Thus, 
tiie forceps 380 are enabled to perform at a more effi- 
cient location upon tiie electrosurgical generator char- 
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acteristic as represented at Fig. 5. The improved current 
flux flow is represented at dashed lines 406 in Fig. 23. 
Of course, the insulative spacer region 400 achieves 
optimal spacing apart of the surfaces 402 and 404 to 
achieve this desired current density represented at 406. 5 
An additional advantage accrues with the more efficient 
distribution of current within the tissue 390 in that the 
surgeon is able to carry out this coagulative painting 
technique at a more rapid rate than othenwise available 
with conventional instruments. 
[0046] Comparing the representation of Fig. 28 with 
that at Fig. 29 demonstrates the current density based 
advantages of the present invention. Forceps heretofore 
available for the most part have cross sections corre- 
sponding with the cord of a circle as represented by the 15 
cross-sectional representation of the tip regions 410 
and 412 of forceps4314. These tip regions 410 and 412 
are shown to be spaced apart by insulative spacer coat- 
ings shown, respectively, at 416 and 418. The side por- 
tions of the forceps of the tip regions 410 and 412 20 
available to carry out coagulative painting are quite lim- 
ited to achieve a current flow through the tissue. Note 
the limited extent of confronted area as represented by 
dashed current flux lines 422. This geometry does not 
promote efficient coagulation and imposes a time stric- 2s 
ture upon the surgeon inasmuch as a lengthier period of 
time is required to achieve requisite Joulean heating 
within the membrane 420 with the restricted current 
density generated. 

[0047] Referring to Fig. 30. the blunt nose or distal end so 
of forceps 380 also may be employed for a more local- 
ized coagulative painting procedure. Because of the 
blunt or almost rectangular cross-sectional profile of the 
tip portion as seen generally at 408 of the forceps 380. 
adequate current densities are achieved to coagulate a 3S 
small region of membrane or tissue 390. In the figure, 
the current flux lines are represented by dashed lines 

409. , . . 

[0048] Referring to Rg. 31 . the geometric criteria by 
which the desired current densities are achieved with 4o 
the side surfaces 402 and 404 as described in Fig. 28 
are portrayed. In the figure, the widthwise extent of the 
forceps 380 are represented as the distance L1 . Gener- 
ally this dimension will be about 0.040 to 0.120 inch 
(1 0 to 3 mm) in extent. The thickness lengths L2 and L3 45 
shown in the f igure represent that portion of the width of 
the side surfaces, for example as at 402 and 404. of the 
tip regions which is at an angle a of 80° to lOO'^ relative 
to the grasping surfaces of tip regions 382 and 384 
shown, respectively, at 424 and 426. Thus, the dis- so 
tances or dimensions L2 and L3 ar(B the effective side 
surface height values which provide for effective electn- 
cal contact with the tissue engaged by the tip regions. 
Considering the ratios of the dimensions LI , 12, and L3, 
It is preferred that the ratio (aspect) of width LI to elec- ss 
trical contact length L2 and. correspondingly, the ratoof 
the widthwise dimension LI to the corresponding effec- 
tive electrical contact length L3 be in the range from 


about 0.25 to 10. A preferred ratio will be about 0.4 to 5. 
[0049] Referring to Fig. 32. a comparative analysis is 
given with respect to the prior art structures typically 
encountered as described in connection with Fig. 29. In 
the figure the cross section of forceps 414 is repro- 
duced with tip regions 410 and 412. The rnaximum 
thickness of the tip regions is represented as Lj and the 
corresponding widthwise dimension LI is shown in the 
drawing. The effective electrical contact length for this 
prior art embodiment is shown at L2 for a value of a of 
80** Note that the effective length L2 is quite small with 
respect to the value LI . At a value of a of 90°. the length 
L2 approaches a point or line. Generally the ratio of LI 
to L2 for prior art instruments will be about 5 or more. 
[0050] As discussed hereinabove, the forceps of the 
present invention may be used in conjunction with 
widely available electrosurgical generators character- 
ized by a fixed internal impedance and fixed operating 
frequency which deliver maximum power to an external 
load (e.g., tissue) having an electrical impedance in the 
range of about 50 ohms to 150 ohms as discussed in 
conjunction with Fig. 5. In this type of bipolar electrosur- 
gical generator, the applied voltage increases monoton- 
ically as the load impedance increases, increasing to 
the maximum "open circuit" voltage as the load imped- 
ance increases to levels of tens of thousands of ohms or 
more. In addition, forceps of the present invention may 
be used with bipolar electorsurgical generators having a 
fixed operating frequency and an output voltage which 
is substantially constant over a range of load imped- 
ances of tens of ohms to tens of thousands of ohms 
including "open circuit" conditions. Such electrosurgical 
generators are described in U.S. Patents Nos. 
4 969 885 and 6,472.443 which are incorporated herein 
by reference. Also, the forceps of the present invention 
may be advantageously used with bipolar electrosurgi- 
cal generators of either the variable voltage design (see 
Fig 5) or substantially constant voltage design 
described hereinabove in which the applied voltage is 
interrupted when the delivered current decreases below 
a predetermined level. Such bipolar generators are 
often referred to as "automatic" generators in that they 
sense the completion of the coagulation process and 
terminate the application of voltage, often accompanied 
by an audible indication in the form of a cessation of a 
"voltage application" tone or the annunciation of a 
unique "coagulation complete" tone. 
[00511 Further, the forceps of the present invention 
may be used with electrosurgical generators whose 
operating frequency varies with the load impedance as 
a means to modulate the applied voltage with changes 
In load impedance. Such electrosurgical generators are 
described in U.S. Patents Nos. 5.099.840: 5.438.302; 
and 5.423.810. all of which are incorporated herein by 
reference. 

[0052] Alternatively to the provision of smooth metai 
surfaces on the grasping surfaces of the forceps tines to 
reduce sticking of tissue or coagulum. those tissue 
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grasping surfaces (see. for example, tissue grasping 
surfaces 160 and 162 in Fig. 12) may be coated with an 
electrically conductive non-stick coating. Additionally, 
those surfaces may be coated with electrically insulative 
non-stick coating material which is sufficiently thin 5 
and/or applied to a sufficiently rough surface to provide 
a multiplicity of regions on the contacting surfeces 
which are uncoated with insulative non-stick coating 
material. Such non-stick coatings may include metal- 
filled (containing metal particles) organic materials such 70 
as fluoropolymers or other compounds generally 
defined as Teflon® (polytetraf luoroethylene polymers 
and copolymers) or thin fluoropolymers such as 
Vydax®. both of which are manufactured by E.I. DuPont 
de Nemours of Wilmington. Delaware. The use of such 15 
non-stick coatings which also support the conduction of 
high-frequency current are described In U.S. Patents 
Nos. 5.549.604; 4.876,110; 4.785.807; 4.333.467 and 
4.314.559. all of which are incorporated herein by refer- 
ence. In addition, metallic coatings such as ME-92 (ME- 20 
92 Operations. Providence. Rhode Island) and MED- 
COAT 2000 {supra) may be applied to the stainless 
steel surfaces at the working end of the bipolar forceps 
to reduce the sticking of tissue thereto. 
[0053] In addition to the construction methods 2s 
described above, the forceps of the present invention 
may be fabricated by inserting the proximal portions of 
the tines into molded plastic support members or by 
using insert molding manufacturing process as a means 
to reduce the cost of manufacture. Alternatively, the 30 
metallic support members 36 and 38 shown in Fig. 1 
may be made of one metal (e.^., 300 or 400 series 
stainless steel) and joined to a second metal in distal tip 
regions 40 and 42 such as tungsten or niobium. Such a 
construction allows the use of a metal support member 3S 
offering low cost manufacture and preferred mechanical 
properties in combination with a metal distal tip member 
such as tungsten offering high thermal conductivity 
and/or a preferred thermal expansion coefficient for 
ease of joining to or deposition of the insulative strip or 40 
strips. Such dissimilar metals may be joined using 
methods such as welding, brazing, soldering, electri-. 
cally conductive adhesives or by mechanical attach- 
ment such as riveting or threaded joining methods. 
[0054] As discussed above in connection with Fig. 4S 
12A, a preferred configuration for forceps according to 
the invention is one wherein each of the tines of the for- 
ceps provide for thermal conduction from their tip 
regions to maintain the tissue grasping surfaces below, 
for example, a temperature of about eO^'C to 85°C. By so 
so limiting the tip region temperatures, any tendency for 
sticking phenomena to occur is substantially lessened. 
In general, this desired temperature limitation is readily 
achieved for open surgical configurations by providing 
thermal conduction both to the thinly gloved hand of the ss 
surgeon and to the air surrounding the proximal por- 
tions of the forceps tines. Copper, exhibiting a thermal 
conductivity of about 3.9 watts/cm Is the preferred mate- 


rial for this thermal conveyance. However, that material 
is not a biocompatible one and exhibits elasticity char- 
acteristics unsuited for the function at hand. Accord- 
ingly, a laminar composite is devised made with a layer 
of copper and a layer of biocompatible stainless steel 
which are metallurgicaily bonded together, for example, 
by roll bonding or the like. To coat the copper compo- 
nent of this laminar composite, a hard, generally non- 
sticking coating of chromium or the like may be applied, 
for example, the above-noted Medcoat 2000. In general, 
where alumina is utilized as the insulative spacer 
assembly, the electroplating form of coating is readily 
carried out after the alumina spacer assemblies have 
been attached with no adherence of the deposited sur- 
face material upon the alumina spacers. The union of 
the copper component with a stainless steel component 
also provides necessary stiffness to the tine structure. 
[0055] Since certain changes may be made in the 
above apparatus without departing from the scope of 
the Invention herein involved, it is intended that all mat- 
ter contained in the above description or shown in the 
accompanying drawings shall be Interpreted as illustra- 
tive and not in a limiting sense. 

Claims 

1 . Surgical forceps connectable with the bipolar output 
of an electrosurgical generator for grasping tissue 
and for effecting hemostasis. comprising: 

a first tine connectable with a said output of first 
polarity and extending longitudinally to a first tip 
region having an inwardly disposed electrically 
conductive tissue grasping surface with a first 
periphery of predetermined shape; 
a second tine connectable with a said output of 
second polarity and extending longitudinally to 
a second tip region having an inwardly dis- 
posed electrically conductive tissue grasping 
' surface wHh a periphery of predetermined 
shape, said first and second tip regions being 
mutually oppositely disposed in alignment and 
relatively movable from an open toward a 
closed orientation for grasping said tissue; and 
at least two, electrically insulative, spaced 
apart spacer regk)ns mounted upon at least 
one said grasping surface for spacing said 
electrically conductive surfaces apart a dis- 
tance, T, when substantially in said closed ori- 
entation effective to derive a current path 
between said surfaces and through grasped 
tissue of length not exceeding a value achiev- 
ing effective coagulation of said grasped tissiue 
while avoiding arcing. 

2. The surgical forceps of claim 1 In which said dis- 
tance. T, Is less than about 0.020 Inch. 
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parallel strips d insulativemater.al. 

e. Thesurgica..orcepsofd..1-.nv^^^^^^^^^^ 
cally insulative spaced apart spacj r g 

5-S.tira^SJ-^S^ 

correspondir^ wrth said d.slarKe. T. 

Thesurgical1orcepsofc.ain.6inwhiJs^^^^^^^ 
lei strips 01 insulative material «tend 
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niion each said groove ot said first array with a 

«K. spacer regions are located or,ly within the 
«id grooves of said second array 

■ I nt claim 1 in which said electri- 
12. -me surgical forceps rtclau^ i 

10 cubes. 

cular layers. 


t5 
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14. -me surgical forceps of claim 1 in which: 

saidfirsttipregiondsaidfirsttineis^rrfigurj^ 
having an array of discrete, spaced apart holes 

ot circular peripheral shape; ana 
saS ^cer regions are tf-scretepegs mounted 

within said spaced apart holes. 


extent Of said lirstttne. 


conductive, biologically compattjie metal. ^ 

Stu^r^^onta^^ith c^rrespo^^^^^^ 

said first array when said first and secorw up 

Soisleinasaid closed orient^^^^^ 

the sum of said thickness' Tl and T2 corre ^ 

spends with said distance. T. 

11. The surgical forceps of claim 1 in which: 


each said first and second tine extends to atip 
t:S.lSled at said tip periphery and havinga 

rars:::^irrc.r;re^^^ 

SErSs;rw^---^^^^ 
-Srs^^srsuXK 

I'aS f eSally —e relati^P 
?omiw tooth said distance T.when sut^stan- 

lially in said closed orientation, 
nenl; 


S?rt5na. extent of saw secon^^»^;^ 
respert to saidfirst array an amount effective to 


17 TT,e suigical forceps of claim 1 in which ^ri tlJ^ 
Sly cSnduct^e ~"Ponem i^^^^^^^^^ ^ 

patible metallic layer. 
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19. The surgical forceps of claim 3 in which said com- 
posite is provided as a bonded copper and stain- 
less steel laminate having a copper content of 
about 60% to 90% by volume. 

20. Surgical forceps connectable with the output of an 
electrosurgical generator for grasping tissue and for 
effecting hemostasis. comprising: 


21. The surgical forceps of claim 20 inwhich said elec- 4o 
tricaliy insulative spacer assembly spacing dis-, 
tance. T, has a minimum value of about 0.003 inch. 

22. The surgical forceps of claim 20 in which said elec- 
trically insulative spacer assemt)ly comprises at 45 
least one strip of insulative material fixed to said 
second electrically conductive metal tissue grasp- 
ing surface. 

23. The surgical forceps of daim 20 In which said elec- so 
tricaliy insulative spacer assembly comprises an 
array of spaced apart parallel strips disposed nor- 
mally to the longitudinal extent of said second tine. 

24. The surgical forceps of claim 20 in which said elec- ss 
tricaliy insulative spacer assembly comprises an 
an^ay of spaced apart parallel strips disposed in 
parallel relationship with the longitudinal extent of 


said second tine. 

25. The surgical forceps of claim 20 in which said elec- 
trically insulative spacer assembly is configured as 
an an^ay of discrete spaced apart cubes. 

26. The surgical forceps of claim 20 in which said elec- 
trically insulative spacer assembly is configured as 
an array of discrete spaced apart circular layers. 

27. The surgical forceps of claim 20 in which: 

said second tip region of said second tine is 
configured having an array of discrete, spaced 
apart holes of drcuiar peripheral shape; and 
said spacer assennbly comprises discrete pegs 
mounted within said spaced apart holes and 
extending outwardly from said second electri- 
cally conductive metal tissue grasping surface. 

2a The surgical forceps of claim 20 in which at least 
one of said first and second tissue grasping sur- 
faces includes a portion adjacent said spacer 
assembly with a surface coating formed of a poly- 
tetrafluoroethylene polymer or copolymer config- 
ured for deriving a said current. path between said 
first and second tissue grasping surfaces. 

29. The surgical forceps of claim 28 in which said sur- 
face coating contains metal particles for deriving 
said current path. 

30. The surgical forceps of claim 20 in which: 

each said first and second tine extends to a tip 
periphery at said tip region; 
said first tine includes an inwardly depending 
tooth located at said tip periphery and having a 
predetermined tooth length extending to an 
engaging surface; 

said second tine includes a recess extending a 
length corresponding with said predetermined 
tooth length to a bottom surface and configured 
in correspondence with said tooth; and 
said spacer assembly is an insulative coating 
located at said recess bottom surface having a 
thickness for spacing said engaging surface 
from said bottom surface said distance, T. 
when said first and second tines are in said 
closed orientation. 

31. The surgical forceps of claim 20 in which: 

each said first and second tip extends to a tip 
periphery at said tip region; 
said first tine includes an inwardly depending 
tooth located at said tip periphery and having a 
predetermined tooth length extending to a 


a first tine connectable with said output and io 
extending longitudinally to a first tip region hav- 
ing an inwardly disposed electrically conduc- 
tive metal first tissue grasping surface; 
a second tine connectable with said output and 
extending longitudinally to a second tip region if 
having an inwardly disposed second electri- 
cally conductive metal tissue grasping surface, 
said first and second tip regions being mutually 
oppositely disposed in alignment and relatively 
movable from an open toward a closed orienta- 20 
tion for grasping tissue; and 
an electrically insulative spacer assembly 
mounted upon said second tip region metal tis- 
sue grasping surface and having a configura- 
tion with said first tissue grasping surface for 2s 
spacing them apart a distance. T. when said 
first and second tines are in said closed orien- 
tation, the geometric surface shape of said 
configuration and said distance. T, being effec- 
tive to establish electrical contact between 30 
metal tissue grasping surfece exposed portions 
of said second surface at said second tip 
region and grasped tissue and to derive a cur- 
rent path between said first and second tissue 
grasping surfaces and through grasped tissue 3S 
therebetween of length not exceeding a value 
achieving effective coagulation of said grasped 
tissue. 
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tooth end; ^ 
said second tine includes a recess extending to 
rlTn^rfaceatadepthoorrespond-ngwrth 

said predetermined tooth length; ^ 
said spacer assembly spaang ^'J 
from sa^d bottom surface a sa.d <l'Slanc«- 
Sn said first and second tines are .n said 
closed orientation. 

nent; is 

said spacer regions are deposited upon and 
^ed by a said biocompatible component. 

33. The surgic^ forceps of claim ^2 in sa^th^- ^ 
many conductive component .s«W^. ^« 
compatible component starn ^ 
spacer regions are formed of alumina. 

34. Thesurg.calfo.Jofda^^^ . 
about 50% to 90% by volume. 

a said current path between sari first and second ^ 
tissue grasping surfaces. 

said current path. 


37 Surgical forceps connectable with the outpi* Of an 
eS^rgicrgenerator having a power outpirt to 
f^^^noi characteristic exhibiting a pre- 
red'lSfnS^l-geforeffectinghemosta^ ^ 

sis of grasped tissue, compnsing: 

a first tine connectaWe with said output and 
Ljemling longitudinally to afirst tip region hav- 
nward'ly disposed ele^rically conduc- 
ive first tissue grasping surface with a first 

KStt^r:s?wSou..a. 

S^g longitudinally to a s^j^^^liX". 
having an inwardly disposed elecfrically con 
ducive second tissue grasping surface wrth a 
!! r^rinherv of predetermined shape. 
StS^SndVregionsbeing mutually 
:;SSl^sposed in alignment and relatively 
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„,ovab.e from an open toward a closed orienta- 
tion for gasping tissue; and 
an eleclrically insulative spac^ a^^^ .^Jj 
r« at least one said first and second tissue 
Saingsureandhavingaconfigurat^^^^^^ 

Srsa««^a^-n^SSa"r^ 
'"'''nTSes J^rsaW dosed orientation, 

S^stre, T a: the surface «>nf-^2t 
S said spacer assembly being se^ed to 
rtlrJe a Toad impedance within said desired 
SX^eTange when said first an^^sec^ 

ond qrasping surfaces are grasping tissue 
wSespSd'apart substantially aboutsaiddis- 

tance, T. 

trically insulative spacer assernray spci » 
tence. T. has minimum value of about 0.003 inch. 

39 The surgic^ forceps of claim 37 in which^d^^^^^^^ 

rorr.=-M-^ 

first tissue grasping surface, 
said first tina 

« -n,« croical forceps of claim 37 in which said elec- 
Jirnsll^-P^cer assem«y . ~nfigured as 
an array of discrete spaced apart cubes. 
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50 


55 


44. The surgical forceps of claim 37 in which: 

sa-Ki first tine first tip region is ^^J^^^Z 
♦angular cross-section, one surface of whi* s 
S3 firsl tissue grasping surface having a 
Sh L1 transverse to the longitudinal e^rterrt 
rr^id fls L and having a first side surface 
S fn eff ctive length. L2. disposed at ang^. 
a, with respecttosaW first tissue grasping sur 

Ssecond tine second tip region is of gener^ 
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which is said second tissue grasping surface 
having a width. L1 , transverse to the longitudi- 
nal extent of said second tine and having a sec- 
ond side surface of an effective length, L3, 
disposed at said angle, a, with respect to said 5 
second tissue grasping surface; and 
said angle, a. is selected from within a range of 
between about 80° and 100° establishing adja- 
cent said first and second side surfaces at 
respective said first and second tip regions 10 
having said effective lengths L2 and L3 with 
values effective to provide hemostasis in tissue 
when in sliding contact with them. 


45. The surgical forceps of claim 44 the ratio of said is 
width. LI, to each said effective lengths L2 and L3 

is within a range of about 0.25 to 10. 

46. The surgical forceps of claim 37 in which: 

20 

each said first and second tine extends to a tip 
periphery at said tip region; 
said first tine includes an inwardly depending 
tooth located at said tip periphery and having a 
predetermined tooth length extending to an 2s 
• engaging surface; 

said second tine includes a recess extending a 
length corresponding with said predetermined 
length to a bottom surface and configured in 
coH'espondence with said tooth; and 30 
said spacer assembly is an insulative coating 
located at said recess bottom surface having a 
thickness for spacing said engaging surface 
from said bottom surface said distance, T 
when said first and second tines are in said 3S' 
closed orientation. 

47. The surgical forceps of daim 37 in which: 


48. The surgical forceps of claim 37 in which each said 
tine tip region is configured as a laminar composite ss 
having a thermally conductive component bonded 
with an inwardly disposed biocompatible conrpo- 
nent; 


said spacer regions are deposited upon and 
supported by a said biocompatible component. 

49. The surgical forceps of claim 48 in which said ther- 
mally conductive component is copper, said bio- 
compatible component is stainless steel, and said 
spacer regions are formed of alumina. 

50. The surgical forceps of claim 48 in which said com- 
posite is coated with an electro-deposited biocom- 
patible metallic layer. 

51. The surgical forceps of claim 48 in which said com- 
posite is provided as a bonded copper and stain- 
less steel laminate having a copper content of 
about 50% to 90% by volume. 

52. Surgical forceps connectable with the bipolar output 
of an electrosurgical generator for contacting tissue 
to effect hemostasis. comprising: 

a first tine connectable with a said output of first 
polarity and extending longitudinally to a first tip 
region of generally rectangular cross-section, 
one surface of which is an inwardly disposed 
electrically conductive tissue grasping surface 
having a width. L1 . transverse to said longitudi- 
nal extent and having a first side surface of an 
effective length, 1_2, disposed at an angle, a, 
with respect to said tissue grasping surface; 
a second tine connectable with a said output of 
second polarity and extending longitudinally to 
a second tip region of generally rectangular 
cross-section and one surface of which is an 
inwardly disposed electrically conductive tissue 
grasping surface having a said width, LI , trans- 
verse to said longitudinal extent and having a 
second side surface of an effective length. L3, 
disposed at said angle, a. with respect to said 
tissue grasping surface of said second tip 
region, said first and second tip regions and 
said first and second side surfaces being mutu- 
ally oppositely disposed in substantial align- 
ment and said first and second tip regions 
being relatively movable from an open toward a 
closed orientation for grasping said tissue; 
an electrically insulative spacer assembly fixed 
to at least one said tissue grasping surface for 
spacing said electrically conducting tissue 
grasping surfaces apart a distarice, T, when 
said first and second tines substantially are in 
said closed orientation; and 
said angle, a. is selected from within a range 
between about 80° and 100° establishing adja- 
cent said first and second side surfaces at 
respective said first and second tip regions 
having said effective lengths L2 and L3 with 
values effective to provide henrKDStasis in tissue 


each said first and second tip extends to a tip 40 
periphery at said tip region; 
said first tine includes an inwardly depending 
tooth located at said tip periphery and having a 
predetermined tooth length extending to a 
tooth end; 45 
said second tine includes a recess extending to 
a bottom surface at a depth corresponding with 
said predetermined tooth length; 
said spacer assembly spacing said tooth end 
from said bottom surface a said distance, T. so 
when said first and second tines are in said 
closed orientation. 
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in sliding contact with them. 


53. Thesurgicaltorcepsofclaim52inwhichtheratio^ 
said width. LI .to each said etfeclive lengths 12 and 
L3 is wthin a range ot about 0.25 to 10. 

54. The surgical forceps of claim 52 in which the ratio of 
said width L1 . to each said effective lengths U and 
L3 is within a range of about 0.4 to 5. 


to 


55 The surgical forceps of claim 52 in which said elec- 
trically insulative spacer assembly has a corf«gura- 
tion to provide said distance. T at a value effective 
to establish electrical contact between the exposed 

portions of said metal tissue grasping surfaces and >5 
tissue grasped thereby to derive a currerit path 
between said tissue grasping surfaces and through 
grasped tissue therebetween of length not exceeo- 
ing a value achieving effective coagulation ^ 
grasped tissue. 

56. The surgical forceps of claim 55 in which ^d c«s- 
tance. T has a minimum value of about 0.003 inch. 

57. The method for grasping a select component of tis- 2S 
sue of a body and eHecting hemostasis at such tis- 
sue comprising the steps of : 


34 

urging said first and second tines toward said 
closed orientation such that said component d 
tissue is extruded into contact with said metal 
first tissue grasping surface and said second 
metal tissue grasping surface to an extent said 
length is derived; and 

controlling said electrosurgical generator to 
convey current from said output to said first and 
second tines to establish current flow along 
said current path for an interval effective to 
establish said hemostasis. 

sa The method of daim 57 in which said electrically 
insulative spacer assembly configuration pro>«des 
said distance. T. as having a value less than about 
0.020 inch. 

59. The method of claim 57 in which said electrically 
insulative spacer assembly configuration provid^ 
said distance. T. as having a value less than or 
equal to about 0.010 inch. 

60. The method of claim 57 in which said electrically 
insulative spacer assembly configuration provid^ a 
distance. T. as having a minimum value of about 
0.010 inch. 


61. The method of daim 57 in which: 


providing an electrosurgical generator control- 
lable to have a bipolar output; ^ 
providing surgical forceps, including; 
a first tine connectable with said output and 
extending longitudinally to a first tip region hav- 
ing an inwardly disposed electrically conduc- 
live metal first tissue grasping surface, 
a second tine connectable with said output and 
extending longitudinally to a second tip region 
having an inwardly disposed second electri- 
cally conductive metal tissue grasping surface, 
said first and second tip regions being mutually 40 
oppositely disposed in alignment and relatively 
movable from an open toward a closed orienta- 
tion for grasping tissue, and 
an electrically insulative spacer assembly 
mounted upon at least one said first and sec- « 
ond tissue grasping surface and having a con- 
figuration with said first tissue grasping surface 
for spacing them apart a distance, T when said 
first and second tines are in said closed orien- 
tation, the geometric surface shape of said so 
configuration and said distance. T. being effec- 
tive to derive a current path between said sur- 
faces and through grasped tissue of length not 
exceeding a value achieving effective coagula- 
tion of said grasped tissue wfhile avoiding arc- ss 
ing; 

grasping said component of tissue between 
said first and second tip regions by manually 


said electrosurgical generator is provided hav- 
ing a power output to load impedance charac- 
teristic exhibiting a preferred load impedance 
range for effecting hemostasis of said tissue 
component; and 

said electrically insulated spacer assembly 
established distance. T is effective to derive 
said current path between said first and second 
tissue grasping surfaces and through said tis- 
sue component of length not exceeding a value 
achieving effective coagulation of said grasped 
tissue. 

62 The method of claim 57 in which said electrically 
insulative spacer assembly is provided as parallel 
strips of insulative material fixed to at least one said 
first and second tissue grasping surface. 

63. The method for effecting hemostasis at the surface 
of tissue comprising the steps of: 

providing an electrosurgical generator control- 
lable to have an output; 
providing surgical forceps, including: 
a first tine connectable with said output and 
extending longitudinally to a first tip region of 
qenerally rectangular cross-section, one sur- 
face of which is an inwardly disposed electri- 
cally conductive tissue grasping surface having 
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a width. L1. transverse to said longitudinal 
extent and having a first side surlace of an 
effective length, L2, disposed at an angle, +. 
with respect to said tissue gasping surface, 
a second tine connectable with said output and 
extending longitudinally to a second tip region 
of generally rectangular cross-section and one 
surface of which is an inwardly disposed elec- 
trically conductive tissue grasping surface, hav- 
ing a said width. L1, transverse to said 
longitudinal extent and having a second side 
surface of an effective length, L3. disposed at 
said angle, with respect to said tissue grasp- 
ing surface of said second tip region, said first 
and second tip regions and said first and sec- 
ond side surfaces being mutually oppositely 
disposed in substantia! alignment and said first 
and second tip regions being relatively mova- 
ble from an open toward a closed orientation 
for grasping said tissue, 
an electrically insulative spacer assembly fixed 
to at least one said tissue grasping surface for 
spacing said electrically conducting tissue 
grasping surfaces apart a distance. T. when 
said first and second tines substantially are in 
closed orientation, and 

said angle. 4^. is selected from within a range 
between about 80° and 100° establishing adja- 
cent said first and second side surfaces at 
respective said first and second tip regions 
having said effective lengths L2 and L3 with 
values effective to provide hemostasis in tissue 
in sliding contact with them; 
manually moving said first and second tines 
substantially into said closed orientation; 
contacting said surface simultaneously with 
said first and second side surfaces while said 
first and second tines are substantially in said 
closed orientation; 

controlling said electrosurgical generator to 
convey cun^ent from said output to said first and 
second tines to establish a flow of current from 

said first side surface, through said tissue to 
said second side surface to effect said hemos- 
tasis; and 

moving said forceps to deliver said effected 
hemostasis along a predetermined path while 
said first and second tines are substantially in 
said closed orientation and said flow of current 
is established. 

64. The method of claim 63 in which said surgical for- 
ceps are provided wherein the ratio of said width, 
L1 , to each said effective lengths L2 and L3 is within 
a range of about 0.25 to 10. 

65. The method of claim 63 in which said surgical for- 
ceps are provided wherein the ratio of said width, 


LI, of said effective lengths. L2 and L3. is within a 
range of about 0.4 to 5. 

66. The method of claim 63 in which said electrically 
5 insulative spacer assembly provides said distance, 

T as having a value less than about 0.020 inch. 

67. The method of claim 63 in which said electrically 
insulative spacer assembly provides said distance.. 

10 T. as having a value less than or equal to about 
0.010 inch. . 

68. The method of claim 63 in which said electrically 
insualtive spacer assembly provides a distance, T. 

75 as having a minimum value of about 0.01 0 inch. 

69. Surgical forceps connectable with the output of an 
electrosurgical generator for grasping tissue and for 
effecting hemostasis, comprising: 

20 

a first tine connectable with said output and 
extending longitudinally to a first tip region, said 
first tip region being a first laminar composite 
having a first thermally conductive outwardly 

25 disposed metal conponent tX3nded with a first 

biocompatible, electrically conductive metal 
inwardly disposed component configured to 
provide a first tissue grasping region, 
a second tine connectable with said output and 

30 extending longitudinally to a second tip region , 

said second tip region being a second laminar 
component having a second thermally conduc- 
tive, outwardly disposed metal component 
bonded with a second biocompatible electri- 

35 cally conductive metal inwardly disposed com- 

ponent configured to provide a second tissue 
grasping region, said first and second tip 
regions being mutually oppositely disposed in 
alignment and relatively movable from an open 

40 toward a closed orientation for grasping tissue, 

and 

an electrically insulative spacer assembly 
mounted upon at least one said first and sec- 
ond tissue grasping region respective first and 

45 second bioconrpatible electrically conductive 

metal component and having a configuration 
for spacing them apart a distance. T. when said 
first and second tines are in said closed orien- 
tation, the geometric surface shape of said 

so configuration and said distance. T. being effec- 

tive to derive a current path between said first 
an second regions and through grasped tissue 
of length not exceeding a value achieving effec- 
tive coagulation of said grasped tissue while 

55 avoiding arcing; 

70. The surgical forceps of claim 69 in which said first 
and second thermally conductive metal compo- 
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15 


nents are copper and said first and second biocom- 
patible electrically conductive components are 
stainless steel. 

71 . The surgical forceps of claim 70 in which each said 
first and second laminar composites are coated 
with an electro-deposited layer of biocompatible 
metal. 

72. The surgical forceps of claim 71 in which said elec- 
trically insulative spacer assembly is an alumina 
deposit. 

73. Surgical forceps connectable with the output of an 
electrosurgical generator for grasping tissue and for 
effecting hemostasis, comprising: 

a first tine connectable with said output and 
extending longitudinally to a first tip region hav- 
ing an inwardly disposed electrically conduc- 
tive metal first tissue grasping surface: 
a second tine connectable with said output and 
extending longitudinally to a second tip region 
having an inwardly disposed second electri- 
cally conductive metal tissue grasping surface, 
said first and second tip regions being mutually 
oppositely disposed in alignment and relatively 
movable from an open toward a closed orienta- 
tion for grasping tissue; and 
an electrically insulative spacer assembly 
mounted upon at least one said first and sec- 
ond tip region metal tissue grasping surface 
and having a configuration for spacing them 
apart a distance. T. when said first and second 
tines are in said closed orientation, said dis- 
tance. T being limited to an extent effective to 
cause the extrusion of said tissue into intimate 
electrical contact with each said first and sec- 
ond tissue grasping surfaces when said first 
and second tip regions are moved toward said 
closed orientation to define a current path 
between said first and second tissue grasping 
surfaces and through grasped tissue therebe- 
tween achieving effective coagulation of said 
grasped tissue. 

74. The surgical forceps of claim 72 inwhich said elec- 
trically insulative spacer assembly spacing dis- 
tance, T, has a minimum value of about 0.003 inch. 

75. The surgical forceps of claim 72 in which said elec- 
trically insulative spacer assembly comprises at 
least one strip of insulative material fixed to a said 
first or second electrically conductive metal tissue 
grasping surface. 

76. The surgical forceps of claim 72 in which said elec- 
triclaly insulative spacer assembly comprises an 


array of spaced apart parallel strips disposed nor- 
mally to the longitudinal extent of a said first or sec- 
ond tine upon which it is mounted. 

77 The surgical forceps of claim 72 in which said elec- 
trically insulative spacer assembly comprises an 
array of spaced apart parallel strips disposed in 
parallel relationship with the longitudinal extent of a 
said first or second tine upon which it is mounted. 
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